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MUSICAL TONE CONTROL SYSTEM FOR 
ELECTRONIC KEYBOARD INSTRUMENT 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 

This application is a National Phase Patent Application and 
claims the priority of International Application Number PCT/ 
JP2009/069388, filed on Nov. 13, 2009, which claims priority 
of Japanese Patent Application Number 2008-293110, filed 
on Nov. 17, 2008. 

TECHNICAL FIELD 

The present invention relates to a musical tone control 
system for an electronic keyboard instrument having a let-off 
mechanism for imparting a let-off effect in accordance with 
key depression. 

BACKGROUND ART 

In an acoustic piano. Such as a grand piano, an action 
operates in accordance with depression of an associated key, 
to cause pivotal motion of an associated hammer, and the 
pivotally moved hammer strikes a string to thereby generate a 
piano tone. Further, in the acoustic piano, the jack of the 
action is configured to be released from the hammer before 
the hammer strikes the string. Before and after the release of 
the jack from the hammer, the touch weight of the key is 
increased and then sharply reduced, whereby a so-called let 
off effect is obtained. The let-off effect is peculiar to an 
acoustic piano, and therefore in a keyboard instrument, such 
as an electronic piano, as well, it is preferable to obtain the 
let-off effect so as to make the touch feeling of the electronic 
piano analogous to that of an acoustic piano. 
As an electronic piano having a let-off mechanism for 

imparting the above-mentioned let-off effect, there has been 
known one disclosed e.g. in Patent Literature 1. The let-off 
mechanism comprises a protruding member protruding from 
the lower surface of a key and an elastic member attached to 
a chassis. In the electronic piano, the protruding member is 
brought into temporary engagement with the elastic member 
by key depression, whereby the let-off effect is obtained. 
Further, on the chassis, there are disposed a first switch and a 
second Switchina manner opposed to the key. Each of the first 
and second switches is in the OFF state in a key-released state, 
and when the key pivotally moving in accordance with key 
depression reaches a first predetermined position P11 and a 
second predetermined position P12, the first and second 
Switches are sequentially turned on, respectively, in the men 
tioned order. As shown in FIG. 12, the first predetermined 
position P11 corresponds to a key depression depth of the key 
in a final stage of a let-off, and the second predetermined 
position P12 corresponds to a key depression depth of the key 
around termination of the let-off. Further, in the musical tone 
control system, the tone volume of a musical tone to be output 
is set based on a key depression velocity calculated based on 
a time period from the turn-on of the first switch to the turn-on 
of the second Switch, and Sounding timing for Sounding the 
musical tone is set based on timing in which the second Switch 
is turned on. 

However, in the conventional musical tone control system, 
each of the first and second Switches is configured to detect 
the key-depressed state of the key after the final stage of the 
let-off, and therefore if sounding stop timing is set based on 
timing in which the first or second switch is switched from 
ON to OFF, sounding of a musical tone is stopped in too early 
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2 
timing, e.g. immediately after the key starts return motion, 
which causes odd feeling in performance. 

Further, as another musical tone control system for an 
electronic piano having the let-off mechanism, there has been 
known one disclosed e.g. in Patent Literature 2. This elec 
tronic piano has a first Switch and a second Switch disposed in 
a manner opposed to an associated hammer. Each of the first 
and second switches is in the OFF state in a key-released state, 
and when an associated key pivotally moving in accordance 
with key depression reaches a first predetermined position 
P11" and a second predetermined position P12", the first and 
second switches are turned on, respectively. As shown in FIG. 
13, the first predetermined position P11 corresponds to a key 
depression depth obtained immediately after start of a let-off, 
and the second predetermined position P12 corresponds to a 
key depression depth obtained immediately before the termi 
nation of the let-off. In this musical tone control system, a 
musical tone is controlled based on a key depression Velocity 
calculated based on a time period from the turn-on of the first 
switch to the turn-on of the second switch. 
As described above, in the conventional musical tone con 

trol system, the first Switch and the second Switch are config 
ured to detect the key-depressed state of the key immediately 
after the start of the let-off and immediately before the termi 
nation of the same, respectively, i.e. both during occurrence 
of the let-off. However, during occurrence of the let-off, the 
motion of the key becomes unstable due to an increase in the 
rotational resistance of the key, and hence the time period 
from the turn-on of the first switch to the turn-on of the second 
Switch can easily vary, which causes degradation of accuracy 
of calculation of the key depression velocity based on the time 
period. This problem becomes conspicuous particularly 
when a key depressing force is Small, because the time period 
of occurrence of the let-off becomes longer and hence varia 
tion in the time period between the turn-on of the first switch 
and the turn-on of the second switch is liable to become larger. 
The present invention has been made in order to solve the 

above problem, and an object thereof is to provide a musical 
tone control system for an electronic keyboard instrument, 
which is capable of calculating a key depression velocity of a 
key with high accuracy without being adversely affected by a 
large rotational resistance of the key during a let-off, and 
stopping Sounding of a musical tone in appropriate timing. 

CITATION LIST 

Patent Literature 

Japanese Patent Publication No. 2932132 
Japanese Laid-Open Patent Publication (Kokai) No. H06 

3.18.077 

SUMMARY OF INVENTION 

Solution To Problem 

To attain the above object, the invention as claimed in claim 
1 is a musical tone control system for an electronic keyboard 
instrument having a let-off mechanism for imparting a let-off 
effect in accordance with depression of a key, comprising first 
key depression information-detecting means for detecting 
key depression information on the key at a first position which 
corresponds to a key depression depth obtained before start of 
a let-off by the let-off mechanism, as a first key depression 
information item, second key depression information-detect 
ing means for detecting key depression information on the 
key at a second position which corresponds to a larger key 
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depression depth than the first position does and is obtained 
around start or termination of the let-off, as a second key 
depression information item, third key depression informa 
tion-detecting means for detecting key depression informa 
tion on the key at a third position which corresponds to a 
larger key depression depth than the second position does and 
is obtained after the termination of the let-off, as a third key 
depression information item, key depression velocity-calcu 
lating means for calculating a key depression Velocity of the 
key based on two key depression information items corre 
sponding to respective two key depression depths, between 
which the let-off does not occur, out of the detected first and 
second key depression information items and the detected 
second and third key depression information items, tone Vol 
ume-setting means for setting tone Volume of a musical tone, 
based on the calculated key depression velocity of the key, 
Sounding timing-setting means for setting Sounding timing 
for Sounding the musical tone based on the third key depres 
sion information item, and Sounding stop timing-setting 
means for setting Sounding stop timing for stopping sounding 
of the musical tone based on the first or second key depression 
information item which corresponds to a key depression 
depth obtained before a time point around the start of the 
let-off. 

According to this electronic keyboard instrument, when 
the key is depressed, the let-off effect is imparted by the 
let-off mechanism. Further, according to the musical tone 
control system, the first to third key depression information 
items are detected by the respective first to third key depres 
sion information-detecting means. The first key depression 
information item is associated with the first position which 
corresponds to a key depression depth obtained before the 
start of a let-off, and the second key depression information 
item is associated with the second position which corre 
sponds to a larger key depression depth than the first position 
does and is obtained around the start or termination of the 
let-off. Further, the third key depression information item is 
associated with the third position which corresponds to a 
larger key depression depth than the second position does and 
is obtained after the termination of the let-off. The key depres 
sion velocity of the key is calculated based on two key depres 
sion information items corresponding to respective two key 
depression depths, between which the let-off does not occur, 
i.e. the first and second key depression information items or 
the second and third key depression information items. This 
makes it possible to accurately calculate the key depression 
Velocity using the two key depression information items 
detected when the motion of the key is stable in a range of key 
depression depth within which the let-off with a large rota 
tional resistance does not occur. Further, since the tone Vol 
ume of a musical tone is set based on the thus detected key 
depression Velocity, it is possible to obtain a tone Volume 
Suited to a key depressing force. 

Further, Sounding timing is set based on the third key 
depression information item corresponding to the key depres 
sion depth obtained after the termination of the let-off, so that 
a musical tone can be sounded in appropriate timing closest to 
string striking timing, similarly to an acoustic piano. 
What is more, Sounding stop timing is set based on the first 

or second key depression information item which corre 
sponds to a key depression depth obtained before a time point 
around the start of the let-off, which makes it possible to stop 
musical tone sounding in appropriate timing. As described 
above, it is possible to calculate a key depression Velocity of 
a key with high accuracy without being adversely affected by 
a large rotational resistance of the key during a let-off, and 
stop Sounding of a musical tone in appropriate timing. 
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4 
The invention as claimed in claim 2 is a musical tone 

control system wherein the second position corresponds to a 
key depression depth around the termination of the let-off, the 
key depression Velocity-calculating means calculates the key 
depression velocity of the key based on the second and third 
key depression information items, and the Sounding stop tim 
ing-setting means sets the Sounding stop timing based on the 
first key depression information item. 

According to this construction, since the second position 
corresponds to a key depression depth around the termination 
of the let-off, the let-off does not occur between the second 
position and the third position. Therefore, by using the second 
and third key depression information items corresponding to 
the respective second and third positions, it is possible to 
calculate the key depression velocity of the key with high 
accuracy without being adversely affected by a large rota 
tional resistance of the key during the let-off. Further, since 
Sounding stop timing is set based on the first key depression 
information item detected at the first position closest to key 
release timing, it is possible to stop musical tone sounding in 
appropriate timing. 
The invention as claimed in claim 3 is a musical tone 

control system as claimed in claim 1, wherein the second 
position corresponds to a key depression depth around the 
start of the let-off, the key depression velocity-calculating 
means calculates the key depression Velocity of the key based 
on the first and second key depression information items, and 
the Sounding stop timing-setting means sets the Sounding stop 
timing based on one of the first and second key depression 
information items. 

According to this construction, since the second position 
corresponds to a key depression depth around the start of the 
let-off, the let-off does not occur between the first position 
and the second position. Therefore, by calculating the key 
depression Velocity based on the first and second key depres 
sion information items, it is possible to calculate the key 
depression velocity of the key with high accuracy without 
being adversely affected by a large rotational resistance of the 
key during the let-off. Further, since sounding stop timing is 
set based on the first or second key depression information 
item detected at the first or second position close to key 
release timing, it is possible to stop musical tone sounding in 
appropriate timing. 
The invention as claimed in claim 4 is a musical tone 

control system wherein the key depression Velocity-calculat 
ing means includes key depression Velocity-correcting means 
for correcting the key depression Velocity calculated based on 
the first and second key depression information items, 
according to the first and third key depression information 
items or the second and third key depression information 
items. 

For performance expression by a keyboard instrument, a 
player sometimes intentionally stops key depression tempo 
rarily immediately before the start of a let-off and then 
resumes the key depression. In this case, the key depression 
velocity is different between before and after the stoppage of 
the key depression. According to the present invention, the 
key depression velocity calculated based on the first and 
second key depression information items detected at the first 
position and the second position corresponding to respective 
key depression depths obtained before the start of the let-off 
is corrected according to the first or second key depression 
information item and the third key depression information 
item detected at the third position after the termination of the 
let-off. Therefore, it is possible to obtain a key depression 
Velocity and a musical tone Volume matching the above 
mentioned playing method. 
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BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 
A view showing general construction of an electronic 

piano according to an embodiment of the present invention. 
FIG. 2 
An exploded perspective view of a let-off mechanism. 
FIG. 3 
A view of an example of operation of the electronic piano. 
FIG. 4 
A view showing part of a musical tone control system. 
FIG. 5 
A cross-sectional view of a key Switch. 
FIG. 6 
A diagram showing the relationship between ON/OFF tim 

ings of first to third switches with respect to the key depres 
sion depth of a key in the first embodiment. 

FIG. 7 
A timing diagram of first to third detection signals output in 

accordance with pivotal motion of the key. 
FIG. 8 
A flowchart of a sounding control process executed by a 

CPU appearing in FIG. 4. 
FIG.9) 
A flowchart of a subroutine for carrying out a touch detec 

tion process. 
FIG. 10 
A flowchart of a subroutine for carrying out a tone volume 

Setting process. 
FIG. 11 
A diagram showing the relationship between ON/OFF tim 

ings of first to third switches with respect to the key depres 
sion depth of a key in a second embodiment of the present 
invention. 

FIG. 12 
A diagram showing the relationship between ON/OFF tim 

ings of first and second Switches with respect to the key 
depression depth of a key in a conventional musical tone 
control system. 

FIG. 13 
A diagram showing the relationship between ON/OFF tim 

ings of first and second Switches with respect to the key 
depression depth of a key in another conventional musical 
tone control system. 

MODE FOR CARRYING OUT INVENTION 

The invention will now be described in detail with refer 
ence to the drawings showing preferred embodiments 
thereof. FIG. 1 is shows general construction of an electronic 
piano 1 according to an embodiment of the present invention. 
In the following description, a player's side (left side as 
viewed in FIG. 1) of the electronic piano 1 will be referred to 
as “front, and a remote side from the player's side (right side 
as viewed in FIG. 1) as “rear. Further, a player's left side and 
right side will be referred to as “left' and “right', respectively. 
As shown in FIG. 1, the electronic piano 1 includes a 

chassis 2, a plurality of (e.g. eighty-eight) keys 3 (only one of 
white keys and one of black keys are shown in FIG. 1) 
mounted on the chassis 2 in a state arranged side by side in the 
left-right direction, a hammer rail 7, hammers 4 mounted on 
the hammer rail 7, a let-off mechanism 10 for imparting a 
let-off effect, and a musical tone control system 20 (see FIG. 
4). 
The chassis 2 is formed by assembling iron plates blanked 

and bent by a press and the like, and is screwed to a keybed 5. 
On a central part of the chassis 2 in the front-rear direction, a 
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6 
large number of balance pins 6 (only one of which is shown) 
are erected in a manner arranged side by side in the left-right 
direction. 
The key 3 is pivotally supported by an associated one of the 

balance pins 6 via a balance pinhole 3a formed in the center 
of the key 3. 
The hammer rail 7 is formed e.g. by one hollow extruded 

piece of aluminum such that it extends in the left-right direc 
tion, and is screwed to the chassis 2 and the keybed 5. The 
hammer rail 7 comprises a hammer Supporting part 7a that 
extends vertically, a stopper-attaching part 7b that extends 
obliquely forward and upward from an upper end of the 
hammer Supporting part 7a, and a fulcrum shaft portion 7c 
that extends obliquely forward and upward from a location 
close to a junction between the hammer Supporting part 7a 
and the stopper-attaching part 7b. The stopper-attaching part 
7b has a front end thereof provided with a stopper 8. The 
stopper 8 is formed of e.g. foamed urethane, and extends over 
the entire stopper-attaching part 7b in the left-right direction. 

Each hammer 4 is provided for the associated one of the 
keys 3 and comprises a hammer body 4a which extends in the 
front-rear direction, and weight plates 4b (only one of which 
is shown) attached to respective opposite sides of the front 
portion of the hammer body 4a. The hammer body 4a has a 
rear end thereof formed withan shaft hole 4c which is arcuate 
in cross section and opens rearward. The shaft hole 4c is 
engaged with the fulcrum shaft portion 7c of the hammer rail 
7, whereby the hammer 4 is pivotally supported on the ham 
mer rail 7. 

Further, the hammer body 4a has an adjustment screw 4d 
screwed therein from below at a location forward of the shaft 
hole 4c such that the adjustment screw 4d can be shifted 
forward and backward, and the hammer 4 is placed on a 
rearmost portion of the top of the associated key 3 via the 
adjustment screw 4d. Further, the hammer body 4a has a 
portion upward of the shaft hole 4c protruding rearward, and 
this protruding portion functions as an actuator portion 4e for 
driving the let-off mechanism 10. 
As shown in FIGS. 1 to 3, the let-off mechanism 10 is 

disposed immediately rearward of the actuator portion 4e of 
the hammer 4, and comprises a holder 11 and a jack 14 
pivotally mounted to the holder 11. 
The holder 11 comprises a holder body 12 and an attracting 

part 13 attached to the holder body 12. The holder body 12 is 
formed e.g. of a synthetic resin, and includes a rectangular 
rear wall portion 12a extending vertically and a pair of left 
and right jack Support portions 12b and 12b protruding for 
ward from a lower half of the rear wall portion 12a. The 
attracting part 13 is formed by a magnetic member, such as a 
metal plate, and is attached to an upper half of the front 
surface of the rear wall portion 12a. The left and right jack 
support portions 12b and 12b have respective downwardly 
open Support holes 12c and 12c formed in a manner opposed 
to each other. Further, a portion, forward of the support hole 
12c, of each of the jack support portions 12b protrudes down 
ward to a level slightly lower than the bottom of the rear wall 
portion 12a, and this protruding portion is engaged with a 
stepped portion 7d formed in the hammer rail 7, whereby the 
holder 11 is screwed to the hammer rail 7 in a state placed on 
the hammer rail 7 and positioned on the same in the front-rear 
direction. 
On the other hand, the jack 14 comprises a jack body 15 and 

an attracted part 16 attached to the jack body 15. The jack 
body 15 is formed e.g. of a synthetic resin. The jack body 15 
has a pair of left and right pins 15a and 15a protruding 
leftward and rightward, respectively, from the bottom thereof, 
and the left and right pins 15a and 15a are engaged with the 
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respective left and right support holes 12c and 12c of the 
holder 11, whereby the jack 14 is supported on the holder 11 
in a state in which it is pivotally movable and prevented from 
falling off. Further, the jack body 15 has a lower end thereof 
formed with a pressure-receiving portion 15b which is 
pressed by the actuator portion 4e during pivotal motion of 
the hammer 4 and an upper end thereof formed with a hammer 
contact portion 15c with which the pivotally moved hammer 
4 is brought into contact. The pressure-receiving portion 15b 
and the hammer contact portion 15c are both formed to pro 
trude forward. The attracted part 16 is formed by a magnet 
and is attached to a rear surface of the jack body 15 in a 
manner opposed to the attracting part 13. A coil spring 17 for 
urging the jack 14 toward the holder 11 (in a clockwise 
direction as viewed in FIG. 2) is mounted to one of the pins 
15a of the jack body 15. 

Next, a description will be given of the operation of the 
electronic piano 1 constructed as above. As shown in FIGS. 1 
and 3(a), in the key-released state of the key 3, the hammer 4 
extends substantially horizontally, with the actuator portion 
4e of the hammer 4 opposed to the jack 14 in a state spaced 
from the same. At this time, the attracted part 16 of the jack 14 
is held attracted to the attracting part 13 of the holder 11, 
whereby the jack 14 is held by the holder 11. 
When the key 3 is depressed in the key-released state, the 

hammer 4 is pushed upward via the adjustment screw 4d to 
pivotally move about the fulcrum shaft portion 7c in a coun 
terclockwise direction as viewed in FIG. 3. Then, when the 
hammer 4 is pivotally moved by a predetermined stroke as 
shown in FIG. 3(b), the actuator portion 4e comes into 
engagement with the pressure-receiving portion 15b of the 
jack 14 to push the same downward. As a consequence, the 
attracted part 16 is released from the attracting part 13 of the 
holder 11 against the attraction force of the attracting part 13 
and the urging force of the coil spring 17 as shown in FIG. 
3(c), and the jack 14 pivotally moves in the counterclockwise 
direction as viewed in FIG.3. The engagement of the actuator 
portion 4e with the jack 14 and the release of the jack 14 from 
the actuator portion 4e cause an increase in touch weight and 
then sharp reduction of the touchweight. Thus, a let-offeffect 
closely analogous to the let-off of an acoustic piano is 
obtained. 

Then, the hammer 4 further continues pivotal motion, and 
the hammer 4 abuts against the stopper 8, whereby a string 
striking effect analogous to the String striking effect of an 
acoustic piano can be obtained. In this state, as shown in FIG. 
3(c), the pressure-receiving portion 15b of the jack 14 is in 
contact with the hammer rail 7, and the contact portion 15c is 
in contact with the hammer 4. As the hammer 4 performs 
pivotal motion returning in the counterclockwise direction as 
viewed in FIG.3 after abutment on the stopper 8, the jack 14 
pivotally moves in the clockwise direction as viewed in FIG. 
3 while being pressed by the hammer 4 via the contact portion 
15c, and the attracted part 16 is attracted to the attracting part 
13, whereby the jack 14 returns to the key-released state. At 
this time, the urging force of the coil spring 17 acts to reliably 
return the jack 14 to the key-released state. 
As shown in FIG. 4, the musical tone control system 20 

comprises a key switch 21, a scan circuit 22, a CPU 23, a 
ROM 24, a RAM 25, a tone generator circuit 26, a waveform 
memory 27, a DSP 28, a D/A converter 29, a power amplifier 
30, and a speaker 31. 
As shown in FIG. 5, the key switch 21 comprises a printed 

circuit board 41, a cover 42 attached to the lower surface of 
the printed circuit board 41, and a first switch 43, a second 
switch 44, and a third switch 45, which are disposed inside the 
cover 42. 
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8 
The cover 42 is formed of an elastic material, such as 

rubber, and has a protuberance 42c protuberating downward 
from the lower surface thereof at a location slightly rearward 
of the center of the lower surface. A portion, forward of the 
protuberance 42c, of the lower surface of the cover 42 extends 
obliquely downward and rearward, and a portion, rearward of 
the protuberance 42c, of the lower surface of the cover 42 
extends in parallel relation to the printed circuit board 41. 
Inside the cover 42, there are formed three extension parts 
42a, 42a, and 42a each extending upward and arranged side 
by side in the front-rear direction. The distances between the 
extension parts 42a and the printed circuit board 41 are set 
such that the distance between the front-side (left as viewed in 
FIG. 5) extension part 42a and the printed circuit board 41 
assumes a minimum value and that between the rear-side 
(right as viewed in FIG.5) one and the printed circuitboard 41 
assumes a maximum value. Further, below each of the exten 
sion parts 42a, there is formed a recessed portion 42b open 
downward. 
The first switch 43 comprises a contact point 43a and a 

circuit section 43b. The contact point 43a is formed by a 
conductor and attached to the upper surface of the front-side 
extension part 42a. The circuit section 43b is formed on the 
printed circuit board 41 in facing relation to the contact point 
43a. 

Similarly to the first switch 43, the second switch 44 com 
prises a contact point 44a and a circuit section 44b. The 
contact point 44a is attached to the upper Surface of the 
central extension part 42a. The circuit section 44b is formed 
on the printed circuit board 41 in facing relation to the contact 
point 44a. 

Similarly to the first and second switches 43 and 44, the 
third switch 45 comprises a contact point 45a formed by a 
conductor, and a circuit section 45b. The contact point 45a is 
attached to the upper Surface of the rear-side extension part 
42a. The circuit section 45b is formed on the printed circuit 
board 41 in facing relation to the contact point 45a. 
As shown in FIG. 1, the key switch 21 constructed as above 

is screwed to the stopper-attaching part 7b of the hammer rail 
7 via a spacer 9, with the printed circuitboard 41 inserted into 
a base part of the stopper-attaching part 7b, and faces a base 
part of the hammer 4. In the key-released state shown in FIG. 
1, the first to third switches 43 to 45 are all in an OFF state. As 
the hammer 4 pivotally moves from this state in accordance 
with depression of the key 3, the cover 42 is pressed via the 
protuberance 42c. The three extension parts 42a are arranged 
as described above, and hence in accordance with pressure by 
the hammer 4, first, the contact point 43a of the first switch 43 
is brought into contact with the circuit section 43b, then the 
contact point 44a of the second Switch 44 is brought into 
contact with the circuit section 44b, and further the contact 
point 45a of the third switch 45 is brought into contact with 
the circuit section 45b, whereby the first to third switches 43 
to 45 are sequentially turned on. Further, first to third detec 
tion signals S1 to S3 indicative of the ON/OFF states of the 
respective first to third switches 43 to 45 are output to the scan 
circuit 22. 

FIG. 6 shows the relationship between the ON/OFF tim 
ings of the first to third switches 43 to 45 with respect to the 
key depression depth of the key 3, and FIG. 7 is a timing 
diagram of the first to third detection signals S1 to S3 output 
in accordance with pivotal motion of the key 3. First, when the 
key 3 is in the key-released state, each of the first to third 
detection signals S1 to S3 is in an OFF state (before time t1 in 
FIG. 7). When the key 3 is depressed in the key-released state 
and reaches a first position P1 (see FIG. 6) corresponding to 
a key depression depth obtained immediately before the start 
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of a let-off by the let-off mechanism 10, the first switch 43 is 
turned on, and the first detection signal S1 is switched from 
OFF to ON (t1). When the key 3 is further pivotally moved 
and reaches a second position P2 corresponding to a key 
depression depth obtained immediately after the termination 
of the let-off, the second switch 44 is turned on, and the 
second detection signal S2 is switched from OFF to ON (t2). 
Then, when the key 3 is further pivotally moved and reaches 
a third position P3 corresponding to a predetermined key 
depression depth obtained after the termination of the let-off, 
the third switch 45 is turned on, and the third detection signal 
S3 is switched from OFF to ON (t3). The third position P3 
corresponds to a key depression depth obtained immediately 
before abutment of the hammer 4 against the stopper 8. 

Then, when the key 3 pivotally returns to the third position 
P3, the third switch 45 is turned off, and the third detection 
signal S3 is switched from ON to OFF (t4). When the key 3 
further pivotally returns to the second position P2, the second 
switch 44 is turned off, and the second detection signal S2 is 
switched from ON to OFF (t5). When the key 3 further piv 
otally returns to the first position P1, the first switch 43 is 
turned off, and the first detection signal S1 is switched from 
ON to OFF (tó). Thereafter, the key 3 returns to its key 
released position. 
The scan circuit 22 detects ON/OFF information on each 

key 3 and key number information for identifying a key 3 
turned on or off, based on the first to third detection signals S1 
to S3 output from the respective first to third switches 43 to 
45, and outputs the ON/OFF information and the key number 
information as key depression information data on each key 3 
to the CPU23 together with the first to third detection signals 
S1 to S3. 
The ROM 24 stores not only control programs to be 

executed by the CPU 23, but also fixed data for controlling 
tone volume and so forth. The RAM 25 not only temporarily 
stores status information indicative of an operational status of 
the electronic piano 1, but also is used as a work area for the 
CPU 23. 
The tone generator circuit 26 reads out sound source wave 

form data and envelope data from the waveform memory 27 
according to a control signal from the CPU 23, and adds the 
envelope data to the read-outsource waveform data to thereby 
generate a musical tone signal as an original tone. The DSP 28 
imparts a predetermined acoustic effect to the musical tone 
signal generated by the tone generator circuit 26. The D/A 
converter 29 converts the musical tone signal having the 
acoustic effect imparted by the DSP 28, as a digital signal, to 
an analog signal. The power amplifier 30 amplifies the analog 
signal obtained through the conversion, by a predetermined 
gain, and the speaker 31 reproduces the amplified analog 
signal and outputs the reproduced analog signal as a musical 
tOne. 

The CPU23 executes a sounding control process including 
processes for setting Sounding timing and sounding stop tim 
ing as well as setting tone Volume, according to the first to 
third detection signals S1 to S3 from the first to third switches 
43 to 45. Note that in the present embodiment, the CPU 23 
corresponds to key depression Velocity-calculating means, 
tone Volume-setting means, Sounding timing-setting means, 
Sounding stop timing-setting means, and key depression 
Velocity-correcting means. 

FIG. 8 is a flowchart of the sounding control process 
executed by the CPU 23. The present process is executed 
sequentially for all the eighty-eight keys 3. In the present 
process, first, in a step 1 (shown as STP1 in abbreviated form 
in FIG. 8; the following steps are also shown in abbreviated 
form), it is determined whether or not the value of a key 
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10 
number n (n=1 to 88) indicative of a key 3 is larger than a 
value of 88. The key numbers nare serial numbers assigned to 
the respective keys arranged in order from the lowest-pitch 
tone to the highest-pitch tone. The key number “1” is assigned 
to the lowest-pitch key 3, and the key number "88 to the 
highest-pitch key 3. 

If the answer to the question is negative (NO), a touch 
detection process including detection of sounding timing and 
Sounding stop timing associated with the present key number 
n is executed (step 2). Then, the key number n is incremented 
(step 3), followed by terminating the Sounding control pro 
CCSS, 

On the other hand, if the answer to the question of the step 
1 is affirmative (YES), it is determined that the touch detec 
tion process has been completely executed for all the eighty 
eight keys, and the key number n is initialized to a value of 1 
(step 4), followed by terminating the Sounding control pro 
CCSS, 

The touch detection process is executed according to a 
subroutine shown in FIG. 9. In the present process, first, it is 
determined in a step 11 whether or not the first and second 
detection signals S1 and S2 from the first and second switches 
43 and 44 are both ON and at the same time whether or not the 
third detection signal S3 from the third switch 45 has been 
switched from OFF to ON between the immediately preced 
ing loop and the present loop. If the answer to the question is 
affirmative (YES), i.e. if the hammer 4 has reached the third 
position P3 (see FIG. 6) after the termination of the let-off of 
the key 3 and immediately before abutment of the hammer 4 
against the stopper 8, it is determined that it is time to Sound 
an associated musical tone, and the tone Volume of the musi 
cal tone to be sounded is set (step 12). 
The tone Volume setting process is executed according to a 

subroutine shown in FIG. 10. In the present process, first, a 
velocity V as the key depression velocity of the key 3 is 
calculated in a step 21. Specifically, a time period from a time 
point when the second detection signal S2 is switched from 
OFF to ON to a time point when the third detection signal S3 
is switched from OFF to ON, i.e. a time period from a time 
point when the key depression depth of the key 3 reaches the 
second position P2 to a time point when the key depression 
depth reaches the third position P3 is calculated. Next, the 
velocity V is obtained by dividing a distance between the 
second position P2 and the third position P3 by the calculated 
time period. Then, the tone volume is set based on the calcu 
lated velocity V (step 22), followed by terminating the tone 
Volume setting process. 

Referring again to FIG.9, in a step 13 following the step 12. 
a sounding flag F STR is setto “1”, followed by terminating 
the touch detection process. When the sounding flag F STR 
is set to “1”, a control signal for starting Sounding is output to 
the tone generator circuit 26, whereby musical tone sounding 
based on the determined tone volume is started. 
On the other hand, if the answer to the question of the step 

11 is negative (NO), it is determined whether or not the first 
detection signal S1 has been switched from ON to OFF 
between the present loop and the immediately preceding loop 
and at the same time whether or not the second and third 
detection signals S2 and S3 are both OFF (step 14). If the 
answer to the question of the step 14 is negative (NO), the 
present process is terminated. 
On the other hand, if the answer to the question of the step 

14 is affirmative (YES), i.e. if the key 3 has pivotally returned 
to the first position P1, it is judged that it is time to stop 
Sounding of the musical tone, and the Sounding flag F STR 
is reset to “0” (step 15), followed by terminating the present 
process. Thus, a control signal for stopping Sounding of the 
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musical tone is output to the tone generator circuit 26, 
whereby musical tone sounding is stopped. 
As described above, according to the present embodiment, 

a key depression information item associated with the first 
position P1 corresponding to a key depression depth obtained 5 
immediately before the start of a let-off by the let-off mecha 
nism 10 is detected by the first switch 43, a key depression 
information item associated with the second position P2 cor 
responding to a key depression depth obtained immediately 
after the termination of the let-off is detected by the second 10 
Switch 44, and a key depression information item associated 
with the third position P3 corresponding to a key depression 
depth obtained after the termination of the let-off is detected 
by the third switch 45. The velocity V is calculated based on 
the second and third detection signals S2 and S3, between 15 
which the let-off does not occur, of the first to third detection 
signals S1 to S3 from the first to third switches 43 to 45, so 
that it is possible to calculate the velocity V with high accu 
racy without being much affected by the rotational resistance 
of the key 3. Further, the tone volume of a musical tone is set 20 
using the thus calculated Velocity V, and hence it is possible to 
obtain the tone Volume in a manner Suited to a key depressing 
force. 

Furthermore, Sounding timing is set based on the third 
detection signal S3, so that a musical tone can be sounded in 25 
appropriate timing closest to string striking timing as in an 
acoustic piano. What is more, Sounding stop timing is set 
based on the first detection signal S1, which makes it possible 
to stop musical tone sounding in appropriate timing close to 
key release timing. 30 

FIG. 11 shows the relationship between the ON/OFF tim 
ings of the first to third switches 43 to 45 with respect to the 
key depression depth of a key 3 in a second embodiment of the 
present invention. In the second embodiment, a key depres 
sion information item associated with a first position P1" is 35 
detected by the first switch 43, a key depression information 
item associated with a second position P2 is detected by the 
second Switch 44, and a key depression information item 
associated with a third position P3' is detected by the third 
switch 45. As shown in FIG. 11, the first position P1" corre- 40 
sponds to a depth of depression of the key 3 before the start of 
a let-off, and the second position P2’ corresponds to a key 
depression depth which is obtained immediately before the 
start of the let-off and is larger than that corresponding to the 
first position P1". Further, the third position P3' corresponds to 45 
a key depression depth obtained immediately after the termi 
nation of the let-off. The relationship between the ON/OFF 
timings of the first to third switches 43 to 45 with respect to 
the key depression depth can be realized e.g. by setting the 
lengths of the respective extension parts 42a of the cover 42 to 50 
be larger than those set in the first embodiment and reducing 
the distance between each of the contact points 43a to 45a and 
the associated one of the circuit sections 43b to 45b. 

Further, in the second embodiment, the velocity V is cal 
culated using the first to third detection signals S1 to S3 from 55 
the first to third switches 43 to 45, based on the following 
equation (1): 

In the equation (1), V1 represents a first velocity V1 which 60 
is a key depression velocity at which the key 3 is depressed 
during a time period from a time point when the depth of 
depression of the key 3 reaches the first position P1" to a time 
point when the depth of depression of the key 3 reaches the 
second position P2. Further, V2 represents a second velocity 65 
V2 which is a key depression velocity at which the key 3 is 
depressed during a time period from a time point when the 

12 
depth of depression of the key 3 reaches the second position 
P2' to a time point when the depth of depression of the key 3 
reaches the third position P3'. The first and second velocities 
V1 and V2 are calculated by the same method as used to 
calculate the velocity V in the first embodiment. Furthermore, 
Krepresents a weighting coefficient which is larger than 0 and 
smaller than 1.0. 

Then, the tone volume of the musical tone is set based on 
the calculated Velocity V. Further, Sounding timing is set 
based on the third detection signal S3, and Sounding stop 
timing is set based on the first detection signal S1. 
As described above, according to the second embodiment, 

the velocity V is calculated using the first and second detec 
tion signals S1 and S2, between which the let-off does not 
occur, so that it is possible to calculate the velocity V with 
high accuracy without being adversely affected by the rota 
tional resistance of the key 3, similarly to the first embodi 
ment, and appropriately determine the tone Volume of a musi 
cal tone based on the calculated velocity V. Further, the 
velocity V is calculated by correcting the first velocity V1 as 
a key depression velocity at which the key 3 is pressed before 
the start of a let-off, using the second velocity V2, so that even 
when depression of a key 3 is stopped immediately before the 
start of the let-off and then resumed, it is possible to obtain a 
Velocity V and a musical tone Volume matching the playing 
method. 

Furthermore, since sounding timing is set based on the 
third detection signal S3, it is possible to Sound a musical tone 
in appropriate timing, similarly to the first embodiment. What 
is more, Sounding stop timing is set based on the first detec 
tion signal S1, which makes it possible to stop musical tone 
Sounding in appropriate timing closest to key release timing. 
Note that the present invention is by no means limited to the 

embodiments described above, but it can be practiced in 
various forms. For example, although in the first embodiment, 
the first position P1 is set to a position corresponding to a key 
depression depth obtained immediately before the start of a 
let-off, this is not limitative, but the first position P1 may be 
set to any position corresponding to a key depression depth 
obtained before the start of the let-off. Further, although in the 
first embodiment, the second position P2 is set to a position 
corresponding to a key depression depth obtained immedi 
ately after the termination of the let-off, this is not limitative, 
but the second position P2 may be set to any position corre 
sponding to a key depression depth obtained around the ter 
mination of a let-off, i.e. any position between a position 
immediately before the termination of the let-off and the third 
position P3. 

Further, although in the second embodiment, the third posi 
tion P3' is set to a position corresponding to a key depression 
depth obtained immediately after the termination of the let 
off, this is not limitative, but the third position P3' may be set 
to any position corresponding to a key depression depth 
obtained after the termination of the let-off. Further, although 
in the second embodiment, the second position P2 is set to a 
position corresponding to a key depression depth obtained 
immediately before the start of the let-off, this is not limita 
tive, but the second position P2' may be set to any position 
corresponding to a key depression depth obtained around the 
start of a let-off, i.e. any position between the first position P1’ 
and a position immediately after start of the let-off. 

Furthermore, although in the second embodiment, the sec 
ond velocity V2 is detected using the second and third detec 
tion signals S2 and S3, this is not limitative, but the second 
velocity V2 may be calculated using the first and third detec 
tion signals S1 and S3 and be used to correct the first velocity 
V1. 
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What is more, although in the second embodiment, the 
weighting coefficient K is used in the case of correcting the 
first velocity V1 based on the second velocity V2, this is not 
limitative, but any other suitable method may be employed. 
The let-off mechanism 10 used in the present embodiments 

is only an example, and therefore a let-off mechanism having 
another construction may be employed insofar as it can 
impart the let-off effect. Further, although in the above-de 
scribed embodiments, the first to third switches 43 to 45 are 
operated by the hammer 4, this is not limitative, but the 
Switches may be provided e.g. on a chassis and be operated by 
a key. 

Further, although in the above-described embodiments, 
Switches are used as key depression information-detecting 
means, any other device, such as an optical sensor, may be 
employed insofar as the ON/OFF state thereof can be 
detected. It is to be further understood that various changes 
and modifications may be made without departing from the 
spirit and scope thereof. 

INDUSTRIAL APPLICABILITY 

As described above, the musical tone control system for an 
electronic keyboard instrument, according to the present 
invention, is capable of calculating a key depression Velocity 
with high accuracy without being adversely affected by a 
large rotational resistance of a key, and is useful for stopping 
Sounding of a musical tone in appropriate timing. 

REFERENCE SIGNS LIST 

1 electronic piano (electronic keyboard instrument) 
3 key 
10 let-off mechanism 
20 musical tone control system 
23 CPU (key depression velocity-calculating means, tone 

Volume-setting means, Sounding timing-setting means, 
Sounding stop timing-setting means, and key depression 
Velocity-correcting means) 

43 first switch (first key depression information-detecting 
means) 

44 second Switch (second key depression information-detect 
ing means) 

45 third switch (third key depression information-detecting 
means) 

P1 first position 
P2 second position 
P3 third position 
P1' first position 
P2' second position 
P3' third position 
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S1 first detection signal (first key depression information 

item) 
S2 second detection signal (second key depression informa 

tion item) 
S3 third detection signal (third key depression information 

item) 
V velocity (key depression velocity) 
V1 first velocity (key depression velocity calculated based on 

the first and second key depression information items) 
The invention claimed is: 
1. A musical tone control system for an electronic keyboard 

instrument having a let-off mechanism for imparting a let-off 
effect in accordance with depression of a key, comprising: 

first key depression information-detecting means for 
detecting key depression information on the key at a first 
position corresponding to a key depression depth 
obtained before start of a let-off by the let-off mecha 
nism, as a first key depression information item; 

second key depression information-detecting means for 
detecting key depression information on the key at a 
second position corresponding to a larger key depression 
depth than the first position key depression depth, which 
is obtained around start of the let-off as a second key 
depression information item; 

third key depression information-detecting means for 
detecting key depression information on the key at a 
third position corresponding to a larger key depression 
depth than the second position key depression depth, 
which is obtained after the termination of the let-off as a 
third key depression information item; 

key depression Velocity-calculating means for calculating 
a key depression velocity of the key, based on the 
detected first and second key depression information 
items; 

tone Volume-setting means for setting tone Volume of a 
musical tone, based on the calculated key depression 
velocity of the key, 

Sounding timing-setting means for setting Sounding timing 
for Sounding the musical tone based on the third key 
depression information item; and 

Sounding stop timing-setting means for setting Sounding 
stop timing for stopping Sounding of the musical tone, 
based on the first or second key depression information 
item, 

wherein said key depression Velocity-calculating means 
includes key depression Velocity-correcting means for 
correcting the key depression Velocity calculated based 
on the first and second key depression information 
items, according to the first and third key depression 
information items or the second and third key depression 
information items. 
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